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INTRODUCTION 


While the cytogenetics of a few species of sciarid fungus gnats have been 
studied intensively (see e.g. STEFFAN, 1966), knowledge of their ecology is so 
sparse that accounts of their biology in soil (e.g. Raw, 1967) are illustrated 
only by reference to species of economic importance, particularly those 
infesting mushrooms. However, the habits of the latter are themselves 
obscure. Not least is the taxonomic problem of identifying individuals of 
the Mycetophilidae and Sciaridae which, in many studies (although they are 
now separable) are grouped together, as formerly (Epwarps, 1925), in the 
same family (Mycetophilidae). Therefore, while there is a considerable, but 
fragmentary, literature on these insects, one difficulty, is knowing which 
taxon is referred to. However, (Epwarps, 1925) recognised the Sciarinae as 
one of ten subfamilies of the Mycetophilidae distinguishable, in the adult, by 
their eyes, which are nearly or quite connected above the antennae by a 
narrow bridge, and by their wing-veination. The features distinguishing the 
sciarid larvae (Family Sciaridae) from those of other fungus gnats (Fam. 
Mycetophiloidea) have been discussed by PLACHTER (1979). In the present 
account, the family names will be used only where the author's identification 
restricts the observation to that family; otherwise the term « fungus gnat » 
will be employed, referring to both families together. 


The major ecological problem is the precise resolution of the relation- 
ship between fungus gnats and fungi in the context of the processes of decay 
of leaf litter. Nearly all observations prove to be anecdotal and unquantified. 
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In these circumstances, the specific diversity of the soil fauna of fungus 
gnats cannot be gauged. Present evidence suggests that Mycetophilidae live 
primarily in fungal sporophores whereas the Sciaridae live primarily in soil 
and only secondarily in fungal sporophores and wood. VAN DER DRIFT 
(1951 b), BarLttiot (1975) and THIEDE (1977) all claimed that the density of 
Mycetophilidae in soil was much lower than that of the Sciaridae. If this is 
indicative of their respective importance, the information on sciarids of 
economic importance may, perhaps, be of some relevance. 


Most records of the occurrence of Mycetophilidae are associated with 
fungi (Epwarps, 1925; KiHNELT, 1961) and, together with those of Sciaridae 
(TUOMIKOSKI, 1960), with rotten-wood. In the apparent absence of fungal 
sporophores in a locality, EDWARDS (1925), speculated that Mycetophilidae 
were either « saprophagous » (without definition) (e.g. Zygomyia spp.) or 
« living under leaves » (e.g. Mycomyia maura Walk.). Such collections, as 
with pest species (Hussey & GuRNEY, 1968), usually restrict attention to 
certain easily-delineated habitats (e.g. the fungal sporophore (Epwarps, 1925, 
cf. KENNEDY, 1974)), to the neglect of the mycelium, which has resulted in the 
absence, save by BRAUNS (1954), VAN DER DRIFT (1951 b) and HEALEY & RUSSELL- 
SMITH (1972), of specific identification of litter-dwelling fungus gnats. 
Epwarops (1925) did not, therefore, recognise the litter-dwelling habit, except 
by exclusion. However, apart from the Sciaridae, Brauns (1954) described 
some members of the Mycetophilidae (Epwarps’ 1925 sub-families the 
Sciophilinae and Mycetophilinae) as living in the F (fermentation) layer of 
soils although the only Mycetophilid obtained in a year's continuous 
emergence-trapping was Tetragoneura sylvatica (Curt.) (RUSSELL-SMITH; per- 
sonal communication), which is known to feed on small pieces of rotten wood 
(MADWAR, 1937). 


I. — ABUNDANCE OF LARVAE AND ADULTS 


A) Agricultural Soils. 


Under agricultural conditions, fungus gnats constitute a major part of 
the insect population. Thus, SCHAERFFENBERG (1939) numbered larvae of Scia- 
ridae as the second most abundant dipteran family, both in species and 
numbers, in soil samples taken from pastures between December and March. 
OLEcHowIcz (1970) using emergence traps, showed that Sciaridae were the 
most numerous of six dipteran families identified in meadows, forming 
c. 37 % of the total Diptera. Similarly, in two years of suction-trapping over 
cereals, fungus gnats were found to be the second and fourth most numerous 
dipteran group (Potts & VICKERMAN, 1974). Also, BRAssE (1975), using pitfall- 
traps in cereal fields over two years, found the larvae of Sciaridae the fourth 
most numerous dipteran family but contrasted this position with their even 
higher numerical status claimed by HEYDEMANN (1953), Using adult emergence 
traps in a winter wheat-fallow sequence, Jones (1976 a, b) singled out Sciaridae 
as sufficiently common for special attention and caught a Bradysia sp. from 
spring to summer but not during the winter nor, if the stubble was burned, 
in the autumn (Jones, 1976a). In two years out of four, when numbers were 
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highest, the populations emerging from fallow-soil exceeded those from 
cropped soils (Jones, 1976 b). 


Also, by trapping emergent adults, BAILLIoOT (1975) found that Sciaridae 
constituted 75 % of the insects under Agrostis grassland, 88 % under heathers 
and /lex galii and 33 % under a pioneer flora of lichens, Festuca and Agrostis. 
The dominant sciarid species in these habitats were Plastosciara sp. (70%), 
Leptosciara autumnalis Winn, (41%) and Carynoptera tetrachaeta Tuom. 
(85 %), respectively. Emergent Mycetophilidae constituted less than 1 % in 
each habitat. Sciarid populations appeared as distinct generations in C. 
tetrachaeta, Bradysia bicolor (Meig.) and Sciara nobilis (Winn.) (3 genera- 
tions/year) and in B. paupera Tuom. (2 gens./year). 


The sciarid population associated with maize monoculture was assessed, 
in two seasons, by means of emergence traps, following different manurial 
treatments by BRUNEL & DELEPORTE-BAILLIOT (1978). Totals of sciarid emer- 
gence from organic manure treatments were 4.1 and 3.5 times as numerous as 
from soil treated with pig manure slurry and inorganic manuring respectively. 
The proportion of sciarids in the total catch of arthropods was 85, 72.5 and 
75 % respectively. The most numerous of the sciarid species identified were 
Scaptosciara vivida Winn. (33-50 %) followed by Bradysia paupera Tuom. = 
B. moestula Tuom. > B. strigata Staeg.> other species. Hart (1911), 
described an experiment in which the pots containing Sciara-infested cucum- 
bers in sand were provided with a cube of decayed horse-manure. About the 
latter the larvae were subsequently found and the plants remained uninjured. 


B) Litter. 


While Epwarps (1974), in a review of soil macro-arthropods, dealt with 
sciarids in only a single line, studies of fungus gnat biology have been made 
in connection with litter decomposition in different soils. Thus, ZACHARIAE 
(1965) concluded that the only arthropods of economic importance in the 
deciduous forests of Central Europe are the larger diplopod species and, 
among the insects, larvae of the dipteran families Tipulidae, Bibionidae, Myce- 
tophilidae (Sciophilinae) and Lycoriidae (Sciaridae). Similarly, BoRNEBUSCH * 
(1930) listed larvae of Mycetophilidae as the first or second most numerous 
dipteran taxon in beeth litter in five out of eight locations and in two out of 
four locations under spruce (Picea abies). 


By emergence trapping in woods of beech (Fagus sylvatica), ALTMULLER 
(1979) showed that, in 1973, sciarids were the dominant family in the annual 
catch (78% of total) and, between the beginning of April and November, 
when they were exceeded only once by species of Cecidomyidae. The domi- 
nant species (Corynoptera spp., Ctenosciara hyalipennis Meig. and Epidapus 
atomarius Deeger) were univoltine, producing their imagos in May when the 
minimum abundance of larvae was recorded. Thus, between March and 
November 1972, larvae of sciarids were dominant in flotation samples and only 
between April and June (i.e. the period of adult emergence) was their total 
less than 50 % of the whole. 


* Bornesuscn (1930) and Bat (1970; see over), appear to use the term Mycetophilidae to include 
both Mycetophilidae and Sciaridae. 
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Under spruce (Picea sp.), THIEDE (1977) found sciarids were the most 
numerous pterygote insects in emergence (photo-eclector) traps. The twenty 
most numerous species were listed and, among the dipterous fauna, this 
diversity was exceeded only by the Mycetophilidae but these were much 
less abundant. 1,000-2,600 sciarid emergences per m? were recorded. Sciarids 
dominated the biomass so that Plastosciara setifera Lichtblau constituted 6- 
7% in 1971 and Ctenosciara hyalipennis (Meig.) and C. thiedei Lichtblau, 
respectively, 18-33 % and 7-8 % of the biomass in 1972 and 1973, only a small 
number of species dominating the biomass in each year. 


HEALEY & RUSSELL-SMITH (1972), who extracted larvae from soil by flota- 
tion, found, over two years, that larvae of fungus gnats amounted to 11-12 % 
of the annual population of litter from a mull and a moder woodland soil 
in 1968 and between 23-58 % in 1969 when they constituted the major taxon. 
In terms of the amount of tissue consumed, BaL (1970) claimed that larvae of 
Mycetophilidae are the major agents of « Vermoderung » under red oak 
(Quercus borealis) but are relegated to second place by phthiracarid mites 
under Douglas fir (Pseudotsuga menziesii) (cf. Jacot, 1939, below). HEALEY 
& RUSSELL-SMITH (1972) stated that their comparisons of abundance of fly 
larvae in mull and moder soils were distorted by the very high numbers of a 
Sciara sp. in the moder for a few weeks in the autumn of 1969 which were 
not noted the previous year. They also suggested that wide annual fluctua- 
tions (cf. THIEDE, 1977) are a feature of most of the more abundant groups 
of larvae Diptera in soils, although, in view of the probably of sampling 
errors, due to the clumped distributions recorded by VAN DER DRIFT (1951 b), 
such suggestions may be viewed with doubt (cf. KING, 1939). 


RUSSELL-SMITH (1979) showed that, overall, adult Mycetophilidae had 
two peaks of activity (cf. SAKHAROVA, 1977) : in Spring, when a wood-inhabiting 
species was co-dominant with a species of unknown habitat, and in Autumn, 
when species of Mycetophila, known to intest agaric sporophores, were domi- 
nant. VAN DER DRIFT (1951 a) reported that visual searching of leaf-litter (which 
revealed an absence of larvae of Lycoriidae (= Sciaridae) in a calcareous mull 
throught the year), showed that the highest populations occurred during the 
winter on both an acid mull and a mor soil (although this technique 
probably revealed c. 5 % only of the total population (RUSSELL-SMITH, A. per- 
sonal communication)). 


However, ALTMULLER (1979) stated that the feeding of dipterous larvae 
was highest in autumn and winter when 76% of the total energy turnover 
of the year 1972/73 was assimilated. In September, the first instar sciarids 
emerge achieving the maximum annual abundance of Diptera. 


ZACHARIAE (1965) noted that the last autumn generation is still active 
under snow of frozen litter (cf. KUHNELT, 1961). On the other hand, enough 
summer rain is necessary to maintain development (ZACHARIAE, 1965). Thus, 
Jones (1976a) noted that, in one year out of eight, emergent adults of a 
Bradysia sp. were most common after a damp June. ZACHARIAE (1965) stated 
that fungus gnats of the above families pupate in response to drying of their 
substrate, though this has not been confirmed in Lycoriella auripila Winn. 
(BINNS, unpublished observation). However, BRAUNS (1954) noted that the 
Sciaridae, Sciophilidae and Fungivoridae have a strong affinity for moisture. 
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The growth efficiencies of young dipterous larvae were much higher than 
those of old larvae. Oxygen uptake was especially high in young instars but, 
on average, less than one third of larvae reached maturity (ALTMÜLLER, 1979). 


II. — ROLE IN LEAF BREAKDOWN 


A) Primary Decomposition. 


EDWARDS (1974) compared sciarid larvae with those of bibionids in feeding, 
without preference, on both slightly- as well well-decayed leaves. Similarly, 
Brauns (1954) stated they occurred in both the F and H (= humus) layers of 
woodland. ALTMULLER (1979) noted that sciarid larvae consume not only the 
thin « shade leaves » but the thick « sun-leaves » as also did, particularly, the 
Sciophilidae. HEALEY & RUSSELL-SMITH (1972) showed that the soil population 
of sciarids, consisted of a single, dominant species; Sciara c.f. autumnalis, 
[= Ctenosciara hyalipennis (Tuomikoski, 1960)]. This was abundant in the 
mull soil, under oak (A. petraea) with ash (Fraxinus excelsior) and birch 
(Betula pendula), but was found almost entirely in the humus layers. 
However, in moder soil, under beech (Fagus sylvatica), in the (drier) year of 
greatest abundance (cf. KING, 1939), when sciarids accounted for over half of 
thel mean annual soil population, c. 15% of them were found in the litter 
layer. While the role of the soil fauna has been emphasised, the nature of 
the parent litter greatly influences its rate of breakdown by fungus gnats as 
well as other organisms. Thus, leaves of elm (Ulmus procera) are more 
readily attacked than those of oak, beech and coniferous trees which have a 
thick cuticle and cell walls (VAN DER DRIFT, 1951 a). 


TWINN (1974), who studied oak mor, found little removal of particulate 
material during a period of c. 70 days after leaf-fall, as have other authors. 
However, a loss of c. 20% in the dry weight of the leaf occurred during this 
period, due to the activities both of the microflora and the effects of leaching. 
Later the colonisation of the leaf-litter by the larger invertebrates, e.g. enchy- 
traeids and fungus gnats, began. 


Bat (1970) observed that larvae of Mycetophilidae developed rapidly on 
material from the F, layer but that they refused material from the litter 
layers and consequently died. It was suggested that the removal of certain 
metabolites (e.g. tannins) is essential. Alternative explanations might involve 
the softening and weakening of fallen leaves or the addition of feeding sti- 
mulants e.g. fungal hyphae (see below). 


The action of micro-organisms greatly weakens the leaves of deciduous 
spp. and begins their fragmentation so rendering them suitable to the « pri- 
mary devourers » (KUHNELT, 1961). Holes are eaten in the leaf by sciarids 
(BRAUNS, 1954) but, at first, the veins are eaten more slowly and the mid-ribs 
not at all so the leaves are skeletonised to a varying degree. Fir-needles, 
however, are consumed only by biting off small particles and are mined only 
occasionally, particularly by the smaller instars (BAL, 1970). However, 
Jacot (1939) stated that larval sciarids are less common than the phthiracarid 
mites in fir litter and are usually found in needles which show more fungal 
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decay. The larva is often found in a leaf with one or two saprophagous mites 
or their faeces. It is not certain if the egg is deposited in leaves containing 
mite faeces on which the larva then feeds, or whether the larva feeds on 
undisturbed tissue. From needles taken in late July, full-grown larvae and 
pupae were obtained together with leaves from which the adult fly had 
already emerged. The leaves in which these larvae were found were much 
more decayed, flaccid and paler, than those which harboured the mites. By 
adult emergence the leaves are much more decomposed than are those on 
which the mites mature. Thus, there is reason to believe that the larvae feed 
on mite faeces, further reducing them to a fine granular substance which 
would be much more easily washed into the soil by percolating rainwater. 


B) Feeding and excretion. 


According to ZACHARIAE (1951) the smaller, younger stages feed first on 
bacterial slime and fungal hyphae on the leaf-surface and then on the softened 
cell-layers of the lower epidermis of the leaf. BrauNns (1954) figures Sciaridae 
as browsers on leaf surfaces infected with fungi. HEALEY & RUSSELL-SMITH 
(1972) found that their gut contents included a large proportion of plant cells 
(including epidermis and stomata), spores, pollen grains and fine humic 
particles. They also confirmed and extended information on the presence of 
fungal hyphae in Lycoria sp. previously noted by DUNGER (1963). Thus, on 
moder soils, a high proportion of basidiomycete hyphae was present which 
was not observed from samples taken from the mull soil. Conversely, those 
from the mull soil contained more mineral particles, which was probably due 
to the greater degree of mixing which these soils receive. BINNS (1980) 
stained the intestines of larvae of Lycoriella auripila Winn. from mushroom 
casing and found them to contain both peat and fungal material. 


The tissue pattern of bitten-off pieces of oak leaf was said to be retained 
during passage through the gut (BAL, 1970). However, portions of fir needles, 
which can be consumed only by systematic biting-off, were smaller and 
retained practically no tissue structure. 


During its passage through the intestines, ingested material becomes 
aggregated by mucus, and is voided as characteristic globules (BaL, 1970). In 
the oak and fir moder humus-profiles (BaL, 1970), the larvae were chiefly found 
on the underside of the F, horizon from which they scarcely moved. As a 
result, excrement accumulates in the upper part of the F, horizon (cf. VAN 
DER DRIFT, 1951 a) where, under the action of microbes and percolating rain- 
fall, they form a greasy mass (BALL, 1970; ZACHARIAE, 1965). During this 
process excrements are strongly attacked by moulds so that they disintegrate 
completely. By contrast, excrements in the F, layer of a Douglas fir humus- 
profile retained their individual character much longer (BAL, 1970). 


Pospozsny (1976) recorded a narrowing of the carbon : nitrogen (C : N) 
ratio of leaf material consumed by larvae of Bradysia brunnipes Meig., such 
as occurs during the « humification » of soil organic matter (Epwarps, 1974). 
Popozsny (1976) also showed that the main constituents removed by this 
sciarid were lignins, cellulose and fats; most animals lacking the capacity to 
digest the former two materials (KUHNELT, 1961). DUNGER (1963) suspected 
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that the action of symbiotic gut-bacteria accomplished the decomposition of 
cellulose in dipterous larvae. While ZACHARIAE (1965) concurred with this 
view, he emphasised the overriding role of the soil microflora (cf. CROSSLEY, 
1977). Similarly, BURGES (1967) considered that the decomposition of lignin 
chiefly by the action of microbial enzymes. Thus, the prevailing view (see 
e.g. NEF, 1957) is that most chemical degradation of litter components is 
effected by fungi and bacteria, while the feeding activities of small inver- 
tebrates serve only to reduce the substrate to fragments of small size. 
However, MARTIN (1979) stated it seems possible that litter-feeding inverte- 
brates might augment their digestive capabilites through the acquisition of 
fungal enzymes, and that significant digestion of plant cell-wall components 
might occur inthe guts of litter-feeding arthropods. 


On the other hand, sugar, starch, protein, pectin and hemicellulose 
contents were increased by passage through the intestine (PoBozsny, 1976) 
and clearly provided an enriched food-supply for other soil organisms. 
ZACHARIAE (1965, cf. BURGES, 1967) identified these as enchytraeid worms, 
which feed upon the faeces of sciarids, together with other « microfloral 
grazers » BINNS (unpublished observation) found that enchytraeids colonised 
mushroom compost some time after the larvae of sciarids, when its consis- 
tency was sticky and moist and unsuited for mycelial colonisation (HUSSEY 
& GURNEY, 1968). 


C) Populations. 


ZACHARIAE (1965) considered the larvae of Lycoriidae, Mycetophilidae 
(Sciophilidae) and Fungivoridae to be gregarious. TUOMIKOSKI (1957) noted 
little tendency on the part of bark-dwelling sciarids to migrate from the natal 
egg-mass. Relatively little movement was recorded by Bat (1970) who 
considered the larvae of Mycetophilidae to be « sessile » As a result, they 
may undertake relatively little transportation or mixing of soil material or 
inoculation of microorganisms (cf. VAN DER DRIFT, 1951a). Thus, PHERSON 
& BEATTLe (1979), in a study of this habitat, considered only the dispersive 
role of the fungal-loads of acarines, collembola and diplopods. 


Lioyp (1963) observed animals living under the loose bark of fallen beech 
branches to test whether mass movements into litter occur during severe 
weather. However, populations of sciarids in bark and litter appeared to be 
independant. Kino (1939) noted that slow movement within the soil renders 
the flexibility of food habits (cf. Epwarps, 1974); above) of great significance 
for species or stages confined there, facultative saprophytes having an advan- 
tage over strictly phytophagous forms. 


VAN DER DRIFT (1951 b) found groups of young larvae of Lycoria sociata 
Win. regularly dispersed through beech woods. The number of larvae in a 
group ranged from hundreds to some thousands, their wholesale appearance 
being reminiscent of army-worms, though no migration was observed. Such 
large numbers did cause the removal of the lower litter layers; over a larger 
area than that occupied by the larvae, indicating some horizontal movement. 
Sciarids were, therefore, considered to constitute a major component of litter 
breakdown which opinion, on account of their abundance, was held by 
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BoRNEBUSCH (1930). On the basis of measurements of the standard deviation 
of populations trapped, THIEDE (1977) also concluded that the majority of 
sciarid species had a discontinuous distribution. 


On the basis of equivalence with the energy consumption of millipedes, 
ALTMULLER (1979) considered that Sciaridae and Sciophilidae consumed 
13.5-29 % of the annual leaf fall in 1972/73. They produced 203-436 kcal x 10*/ 
ha/year faeces and were considered to constitute an important factor in 
breaking down dead leaves of beech (ALTMULLER, 1979). The total assimi- 
lation was about 40 kcal/m‘/year in 1972/73. This is approximately 0.1 % 
of the net primary production of the green plants especially Fagus sylvatica. 
However, little attention has been paid to the role of fungus gnats in the last 
of VAN DER DRIFT’s (1951a) functions of the feeding dipterous larvae, i.e. of 
« sanitation » and the effect of fungal grazing on colonisation by fungi (see 
below). 


II. — RELATIONS WITH FUNGI AND PLANTS 


A) Saprophagy. 


STEFFAN (1966) stated that sciarid larvae generally feed upon decaying 
plant material (phyto-saprophagous), animal excrement (coprophagous), and 
fungi (mycetophagous). However, as fungi are intimately associated with 
decay and excrement, these categories can doubtfully be exclusive. Thus, the 
largest group of larvae examined by STEFFAN (1974) was said to be phyto- 
saprophagous and/or mycetophagous. KENNEDY (1974), who distinguished 
those sciarid spp. which fed upon decaying roots and stems from those 
which feed on apparently healthy tissue (Conclusions), suggested that sciarid 
larvae may utilise fungi as a primary food source instead of the substrate on 
which they occur (cf. BAUMBERGER, 1919). The substrate itself may pass 
through the insect relatively unchanged (MINDERMAN & DANIELS, 1967). 


Relatively little information is available concerning the role of insects and 
their interaction with the succession of fungal invaders of their substrate. 
Their status as (phytophagous) pests of plants is, correspondingly, unclear. 


B) Phytophagy. 


LEITH & NEwTON (1969) found that sciarid larvae sometimes fed on stem 
and leaf-tissue as well as on roots. Similarly, HussEY (1964) found Bradysia 
paupera feeding on the leaves of apparently healthy cucumbers. VAN DER 
Drirt (1951 a) noted, however, that, by exposing the plant tissues, the feeding 
process itself creates an entry for attack by microorganisms. Thus, LEATH 
& NEWTON (1969) also showed that plant deaths due to Fusarium spp. were 
greater in the presence of larvae of Bradysia. Larvae have, therefore, shown a 
propensity to attack healthy plants, together with an ability to introduce 
disease organisms. The prevalence of this latter habit is not known. It 
appears that sciarid root-feeders can, at times, behave in such a way as to 
increase the supply of litter to the soil (BINNs, 1977). 
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The activities of sciarids in litter appear to proceed at a correspondingly 
early stage of soil-formation. This is suggested by the observation of BRAUNS 
(1974) on leaf holing and g HEALEY & RUSSELL-SMITH (1972) on the presence of 
larvae in the litter layers (e.g. Phytosciara (Phorodonta) flavipes Meig. — 
though not a numerous species) and underlies many of the observations of 
BaL (1970). 


C) Mycophagy. 


Raw (1967) noted mycetophilids as fungal feeders. Studies on the sciarid 
pests of mushrooms suggest an antagonism between the colonisation of com- 
post by mycelium or by sciarids. Compost well-colonised by mycelium was 
unattractive to ovipositing Lycoriella auripila Winn. save for a period of little 
more than their generation-time (HUssEY & GuRNEY, 1968; Table 3). Infes- 
tation was renewed, however, after « casing » of the beds with peat and chalk, 
the application of which induced fruiting. Sciarid larvae could be reared to 
maturity on detached (i.e. decomposing mushroom sporophores (BINNS, 1980)) 
and larvae may tunnel growing mushrooms (though this is of little economic 
significance (Hussey & GURNEY, 1968)). Out of doors, TRIFoURKIS (1977) 
stated that sciarid colonisation of mushroom sporophores occurred at an 
early stage of decomposition and larvae fed on sporophore tissue (BINNs, 
1980). Thus, while sciarid development may occur, both on the uncolonised 
substrate (i.e. unspawned compost) and on the decomposing mushroom, it 
is correspondingly favoured by the intermediate stage of colonisation of the 
compost by the growing mycelium (BINNS, 1975, 1980). 


In fact, experiments showed that larval development of L. auripila was 
more rapid on compost partially colonized by mycelium than on compost free 
from all mycelium (BINNS, 1975). Though comparisons can be misleading, 
more larvae of the American mushroom pest species L. mali (Fitch) (Sciara 
pauciseta) also develop on spawned rather than sterilized compost, the former 
being more attractive to both larvae and adults (MACDONALD, 1972). Again, 
early observations at the GCRI (Hussey, 1956) showed that more adult L. 
auripila emerged from spawned than from unspawned compost exposed in the 
open, 

In the case of Sciara coprophila, mycelium was eaten and the compost 
rejected (THOMAS, in Lutz et al., 1937). Similarly, ELLISOR (1934) stated that 
the development of the plant pest Neosciara ocellaris (Comstack) was more 
rapid on decomposing than on fresh food. In laboratory experiments with 
another sciarid plant pest, Bradysia impatiens (Johanssen), KENNEDY (1974) 
showed that mean survival time was higher and mean developmental time 
lower when larvae were allowed access to a fungus (Alternaria tenuis Auct.) 
growing on a lima bean agar substrate than when feeding on the substrate 
alone. 


D) Mycelium ageing and migration. 


Complete fugal colonisation curtails the activities of the sciarid, for HUSSEY 
& GURNEY (1968) found that fewer second generation adult sciarids emerged 
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after females were exposed to successively older samples of compost, mea- 
sured from the date of spawning. This may be related to the ageing of the 
mycelium which is attended by a reduction in the rate of respiration but 
also of protein synthesis (MOLITORIUS, VAN ETTEN & GOTTLIEB, 1968); the major 
nutritional role of the mycelium being, for sciarids, as a nitrogen source 
(BINNS, 1980). 


MARTIN (1979) listed numerous classes of secondary fungal metabolites 
which are potentially harmful to mycophagous insects, as are the polysacca- 
rideg fungal cell-walls. Thus, calcium oxalate is known to be excreted during 
the growth of fungal mycelium (LATCHÉ & PIQUEMAL, 1975). Addition of cal- 
cium oxalate impeded the development of sciarid larvae in compost (BINNS, 
1980) and probably limits mycelial feeding by sciarid larvae and provokes 
subsequent migration. 


IV. — CONCLUSIONS 


Although they recognised that the argument might appear to have been 
stated in reverse, the lack of a conception of the soil as an ecological com- 
munity was suggested (BIRCH & CLARK, 1953) as responsible for the scarcity of 
information on the relative roles on different organisms in plant litter decom. 
position. . 

No information is available on the interaction between the larvae of 
fungus gnats and fungal succession in litter. Sarro (1966) found masses of 
faeces under the hymenomycete-infested leaves in the litter-layer under beech 
(Fagus cremata). The litter-feeding animals showed a marked preference 
for leaves infected with litter-(i.e. lignin-) decomposing white-rotting 
hymenomycetes, in contrast to those of the alternative, non-lignin decom- 
posing fungi of the brown-rot process. In laboratory tests, a larval scatopsid 
(Diptera : Scatopsidae) readily fed on mouldy leaves while brown and 
greyish-brown leaves remained intact. This study is of interest, not only as 
an experimental study of the role of the fungal succession on the infestation 
of litter, for experiments with mushroom compost showed that Scatopse fus- 
cipes Meigen occupied a later position in the animal succession than did 
sciarid larvae (BINNss, 1973). More precise information on the place of 
sciarid larvae, so far appears to be lacking. 


Thus, it is not known to what extent « sanitation » (browsing on 
fungi — as seems to be the habit of sciarids) controls or regulates (CROSSLEY, 
1977) fungal development and facilitates attack by successive organisms 
(VAN DER DRIFT, 1951 a). MINDERMAN & DANIELS (1967) considered the micro- 
flora that develops on newly-fallen leaves to be the most important source 
of nutrition (mainly easily digestable protein) for litter eaters [e.g. mycelial 
browsers such as sciarids (BRAUNS, 1954) see below], whereas the leaf-tissue 
acts as a substratum which is taken up only incidentally. It would also seem 
that, while sciarids are primarily mycophagous (cf. BINNs, 1980), the exis- 
tence of a microflora of the living leaf and root makes it difficult to distin- 
guish the food source of the pest species (KENNEDY, 1974). Similarly, the 
possible role of a symbiotic gut flora has yet to be studied. 
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However, while sciarid larvae may appear to be rather general feeders on 
litter, humus and fungal materials (HEALEY & RUSSELL-SMITH, 1972; EDWARDS, 
1974), such a role is belied. by the fluctuations of population which, the 
former authors stated, were especially marked in the fungus gnats. These 
species, they considered, were « opportunist » forms able, subject to climatic 
influence, to exploit short-term changes in the abundance of litter, fungal 
flora and other potential food supplies, in contrast to the model of stability 
suggested by the discussion of BurRces (1967; cf. KiNG, 1939). Similarly, 
THIEDE (1977) noted that the differences in the composition of arthropod 
numbers were more prominent between different years than between the 
different spruce stands studied in the same year. Such adaptations encou- 
rage the view that sciarids are migrant species (BINNS, 1979, 1980). One 
attribute of these is their rapid development, which enables them to respond 
to short-term changes (SourHwoop, May, HAssELL & Conway, 1974). Thus, 
both Bat (1970) and ZACHARIAE (1965) concluded that fungal gnat larvae were 
rapidly maturing; presumably in comparison with the rest of the soil fauna 
(cf. BoRNEBUSCH, 1930). 


However, while MARTIN (1979) stated that « mycophagy is not simply a 
modification of phytophagy, but rather a feeding strategy which requires 
its own peculiar set of digestive and metabolic capacities », sciarid larvae, in 
particular, appear to maintain the capacity for both processes in large 
measure (BINNS, 1980) and are, therefore, well adapted as « primary 
devourers » (KUHNELT, 1961) of litter which appears to be their special role 
(ALTMULLER, 1979). However, the basis of their association with plant mate- 
rial, either live or decaying, appears to be with fungal mycelium, the transient 
development of which, requires migration as an attribute of its exploiters 
(BINNS, 1979; 1980). The absence of males of certain sciarid species, from 
the trappings of THIEDE (1977), confirms that this is the major role of the 
sciarid female (BINNs, 1979). 
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SUMMARY 


The abundance of soil-dwelling fungus-gnats and their role in the primary 
decomposition of litter is examined and the nature of their mycophagy is discus- 
sed. Sciarid fungus-gnats are adapted to exploit fungal growth associated with 
litter but this unstable resource requires that they are migratory. 


RESUME 


L'abondance de sciarides mycétophiles dans le sol et leur importance dans la 
décomposition primaire de la litière ont été examinées qinsi que le mode de 
leur mycophagie. Les sciarides mycétophiles se sont adaptés a se nourrir de 
champignons se développant rapidement sur la litière tombée au sol mais cette 
ressource instable exige qu'ils soient migrateurs. 
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